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The genome of Helminthosporium victoriae 190S totivirus (Hv190SV) consists of two large overlapping open reading
frames (ORFs), encoding a capsid protein (CP) and an RNA-dependent RNA polymerase. The capsid of Hv190SV, even though
encoded by a single gene, contains three closely related capsid polypeptides: p88, p83, and p78. p88 and p83 are
phosphorylated, whereas p78, which is derived from p88 via proteolytic processing at the C terminus, is nonphosphorylated.
In this study we expressed the CP ORF in bacteria and determined that a single product comigrating with virion p88 was
generated. Evidence from in vivo phosphorylation studies indicated that the bacterially expressed p88 was unmodified, and
thus autophosphorylation was ruled out. Enzymatic-dephosphorylation experiments using 32P-labeled p88 as a substrate
demonstrated that the phosphorylated and nonphosphorylated forms of p88 could not be differentiated based on their
mobilities in SDS gels and suggested that the two forms occur in purified virions. We also showed that the unmodified p88
is competent for assembly into virus-like particles, indicating that neither phosphorylation nor proteolytic processing of CP
is required for capsid assembly. Posttranslational modification of CP, however, is proposed to play an important role in the
life cycle of Hv190SV, including regulation of transcription/replication and/or packaging/release from virions of the viral (1)
strand RNA transcript. © 1998 Academic Press
INTRODUCTION
The Helminthosporium victoriae 190S virus (Hv190SV)
has an undivided dsRNA genome and is a member of the
genus Totivirus in the family Totiviridae (Ghabrial et al.,
1995). Saccharomyces cerevisiae L-A virus (ScV-L-A), the
type species of the genus, has been extensively studied
(for a review, see Wickner, 1996). Hv190SV infects the
phytopathogenic fungus Helminthosporium victoriae, the
causal agent of Victoria blight of oats. Hv190SV and
associated putative satellite dsRNAs have been impli-
cated in a debilitating disease of its fungal host
(Ghabrial, 1994). Purified Hv190S virions, like those of
other dsRNA mycoviruses, are noninfectious in conven-
tional infectivity assays. Therefore studies on Hv190SV
gene expression and structure-function relationships
have relied on the use of heterologous systems including
bacterial and baculovirus expression systems (Huang
and Ghabrial, 1996; Huang et al., 1997).
The genome of Hv190SV, like other totiviruses, is com-
posed of two large overlapping open reading frames
(ORFs) coding for a capsid protein (CP) and an RNA-
dependent RNA polymerase (RDRP). Although the capsid
is encoded by a single gene, it is composed of two
closely related major CPs, either p88 and p83 or p88 and
p78 (Ghabrial et al., 1987; Ghabrial and Havens, 1992).
Purified Hv190S virion preparations contain two types of
particles, 190S-1 and 190S-2, that differ slightly in sedi-
mentation rates and in capsid composition. The 190S-1
capsids contain p88 and p83, occurring in approximately
equimolar amounts, and the 190S-2 capsids are com-
posed of similar amounts of p88 and p78 (Ghabrial and
Havens, 1992). In vitro and in vivo phosphorylation stud-
ies have shown p88 and p83 to be phosphoproteins,
whereas p78 is nonphosphorylated (Ghabrial and Ha-
vens, 1992).
Expression of the CP ORF in insect cells generated
both p78 and p88, which assembled into virus-like par-
ticles that were morphologically indistinguishable from
the empty capsids invariably associated with purified
Hv190S virions (Sanderlin and Ghabrial, 1978; Huang et
al., 1997). Furthermore it was demonstrated that both p88
and p78 share a common N terminus and that p78 arises
from the p88 via proteolytic cleavage at its C-terminal
region. The N-terminal, but not C-terminal, CP deletions
were found to be incompetent for assembly (Huang et al.,
1997). The functional roles of proteolytic processing to
generate the smaller capsid species, as well as that of
phosphorylation, are not known.
Our initial studies using a bacterial expression system
have indicated that the CP ORF is expressed as a single
polypeptide corresponding to virion p88 (Huang and
Ghabrial, 1996). Because bacterially expressed eukary-
otic phosphoproteins are not expected to undergo post-
translational modification, the bacterially expressed p88
1 To whom reprint requests should be addressed. Fax: (606) 323-
1961; E-mail: saghab00@ukcc.uky.edu.
VIROLOGY 251, 327–333 (1998)
ARTICLE NO. VY989443
0042-6822/98 $25.00
Copyright © 1998 by Academic Press
All rights of reproduction in any form reserved.
327
was predicted to be nonphosphorylated. Autophosphor-
ylation, however, was not ruled out.
In this study, evidence is presented that the bacterially
expressed p88 is indeed nonphosphorylated and thus
autophosphorylation could be excluded. We also dem-
onstrate that the phosphorylated and nonphosphorylated
forms of p88 are indistinguishable electrophoretically
and that the two forms occur in purified virions. Further-
more we show that the unmodified p88 can assemble
into virus-like particles in bacterial cells, indicating that
neither phosphorylation nor proteolytic processing is re-
quired for capsid assembly.
RESULTS
Expression of Hv190SV CP in Escherichia coli cells
We generated constructs for the expression of
Hv190SV CP in bacteria (Fig. 1A) and analyzed the prod-
ucts synthesized by Western blotting. For pCP-WT, se-
quences beginning at the initiator AUG of the CP ORF
were inserted into the pET 22(1) vector upstream of the
sequence coding for the pelB leader peptide (NdeI site)
of the vector so that a nonfused CP with an intact N-
terminal region is expressed. The second construct,
pCP-C132, was derived from pCP-WT by introducing a
stop codon for premature termination of translation of the
CP ORF to express a C-terminally truncated protein lack-
ing the 132 terminal amino acid residues. Evidence from
previous studies suggests that the putative CP phos-
phorylation sites are localized within this C-terminal 132-
amino-acid region (Ghabrial and Havens, 1992; Huang et
al., 1997). In addition to the phosphorylation sites, the
C-terminal region contains at least one site for proteo-
lytic processing via eukaryotic host protease(s) (Huang
et al., 1997). Thus the pCP-C132 protein is not expected
to be processed by either phosphorylation or proteolytic
cleavage and thereby was expressed to serve as a
control for our studies.
Immunoblot analysis of the lysate fractions (soluble
and insoluble) from E. coli cells transformed with
pCP-WT or pCP-C132 showed that the CP was expressed
predominantly in the insoluble fraction corresponding to
inclusion bodies (Fig. 1B). We were able to force the
expression of the CP to the periplasm, that is, as a
FIG. 1. Schematic representation of constructs for expression of Hv190SV capsid protein (CP) and their expression in E. coli. (A) Constructs pCP-WT
and pCP-C132 were generated in pET 22b (1) for expression of a full-length and C-terminal truncated CP, respectively. Open reading frames encoding
the CP and the RNA-dependent RNA polymerase (RDRP) are indicated. The initiator AUG position (mutagenized to a NdeI site) for the translation CP
ORF is indicated at position 290. For expression of a C-terminal truncated CP (pCP-C132), a stop codon was introduced at nt position 2204 (TGA*).
(B) Lysates from bacterial cells expressing full-length and truncated CP were analyzed by Western blotting with antibodies against p88 capsid protein.
Expression of the pCP-WT construct for the full-length CP gave a single, major product with mol mass of 88 kDa corresponding to virion p88.
Expression of the C-terminus-truncated CP (pCP-C132) generated a product with predicted mass of 65 kDa. The majority of the pCP-WT-or
pCP-C132-expressed protein was present in the insoluble fraction as inclusion bodies (lanes labeled I) with smaller amounts present in the
periplasmic, soluble fraction (lanes labeled S).
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soluble protein constituent, by conducting expressions
(following IPTG addition) at a lower incubation tempera-
ture (,30°C). Using this lower temperature, ;10–20% of
the total expressed CP was present in the soluble frac-
tion.
Expression of pCP-WT in bacteria gave rise to a single
major product with estimated molecular mass of 88 kDa
(Fig. 1B) that comigrated with virion p88. Clearly lacking
were protein bands that correspond to virion p83 and
p78; the latter polypeptides are generated from p88 by
proteolytic processing. These results confirm our previ-
ous preliminary observations (Huang et al., 1997) that
p88 is the primary translation product of the CP ORF and
that it is the only CP species expressed in bacteria.
Some minor, cross-reacting protein bands were also
visible in the immunoblots which are likely the result of
nonspecific degradation of CP which may take place
during sample preparation. Both the soluble and insolu-
ble lysate fractions from bacterial cells transformed with
pCP-C132 contained a single, major polypeptide with
estimated molecular mass of 65 kDa which cross-re-
acted with the CP-specific antibodies (Fig. 1B).
The bacterially expressed capsid p88 is not
autophosphorylated
Although it is most likely that eukaryotic phosphopro-
teins are not modified in bacteria, we could not rule out
the possibility that the p88 may undergo autophosphor-
ylation. To test for this, we examined the in vivo incorpo-
ration of radiolabeled phosphate into the bacterially ex-
pressed CP. As shown in Fig. 2, the overall incorporation
(total incorporation) of [32P]-orthophosphate into bacte-
rial phosphoproteins was relatively efficient. The pCP-WT
or pCP-C132 proteins (arrowheads, Fig. 2), recovered
from the soluble fractions of the bacterial lysates by
immunoprecipitation with a CP-specific antiserum, were
visible in Coomassie-blue-stained gels, but no incorpo-
ration of the radiolabel was evident in autoradiograms
(Fig. 2). The pCP-C132 protein constituting the C-termi-
nally truncated CP lacking the putative sites for phos-
phorylation was not subject to phosphorylation and
thereby served as control for nonspecific incorporation
of the radiolabel. These results indicate that the bacte-
rially expressed CP is not phosphorylated, and auto-
phosphorylation can thus be ruled out.
The phosphorylated and nonphosphorylated forms of
p88 are electrophoretically indistinguishable and both
occur in Hv190S virions
Our previous in vivo phosphorylation studies have
demonstrated that p88 occurs in virions in a highly phos-
phorylated state, suggesting that probably all virion p88
molecules are phosphorylated. The finding that the bac-
terially expressed unmodified p88 comigrated with virion
p88 (see above) suggested that the purified virions may
contain both the phosphorylated and nonphosphorylated
forms of p88 and that the two forms could not be differ-
entiated electrophoretically. To investigate this further,
purified Hv190S virions, containing the endogenous, viri-
on-associated protein kinase, were used in an in vitro
phosphorylation reaction to generate 32P-labeled p88
(Ghabrial and Havens, 1992). The radiolabeled p88 com-
ponent was subsequently gel-purified and dephosphory-
lated by alkaline phosphatase treatment, and the reac-
tion products were analyzed by SDS–PAGE. As indicated
by the relative intensities of the phosphorylation signal of
virion p88 (Fig. 3), the majority of the in vitro-phosphor-
ylated virion p88 molecules were dephosphorylated by
alkaline phosphatase. Dephosphorylation of virion p88,
however, did not bring about a change in its electro-
FIG. 3. Enzymatic dephosphorylation of in vitro phosphorylated
Hv190S virion p88 by CIAP. Lanes 1 and 2 show samples from dephos-
phorylation reactions of the 32P-labeled virion p88 using either 6.5 or 13
units of CIAP, respectively. Untreated samples were from parallel re-
actions carried out in the absence of enzyme. Samples were analyzed
on SDS–PAGE gels, and the gels were silver-stained or autoradio-
graphed. Positions corresponding to capsid proteins p88, p83, and p78
from purified Hv190S virions are indicated.
FIG. 2. Analysis for in vivo phosphorylation of the capsid protein (CP)
expressed in E. coli cells. Full-length (pCP-WT) and C-terminal trun-
cated CP (pCP-C132) expressed in bacterial cells grown in the pres-
ence of [32P]-orthophosphate were immunoprecipitated using antibod-
ies against p88 capsid protein. Radiolabel incorporation into CP
polypeptides was analyzed by SDS–PAGE followed by Coomassie blue
staining and autoradiography. Bacterial lysates from a construct de-
signed for the expression of the RDRP ORF (control lane) were used as
a negative control. Arrowheads indicate the positions of pCP-WT (88
kDa) and pCP-C-132 (65 kDa) expression products. The positions of
protein molecular mass standards (M) are shown to the left
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phoretic mobility (see silver-stained gel, Fig. 3). These
results indicated that the capsid polypeptide migrating in
SDS–polyacrylamide gels as p88 may occur either as
phosphorylated, nonphosphorylated, or a mixture of both
forms. Since we are able to phosphorylate virion p88 in
vitro and assuming that the in vivo and in vitro phosphor-
ylation sites are identical (see Discussion), we conclude
that the purified virions contain both forms of p88.
Self-assembly of the CP in E. coli cells
We examined assembly of the bacterially expressed
CP by subjecting cell lysates from bacteria expressing
the pCP-WT and pCP-C132 constructs to CsCl equilib-
rium density gradient centrifugation, and the gradient
fractions were analyzed by immunoblotting. The majority
of the pCP-WT-expressed protein, isolated from the sol-
uble component of bacterial lysates, sedimented as a
single major density component (fraction 5, Fig. 4). The
pCP-C132 protein, the C-terminal truncated CP, also
banded in fractions similar to those of the pCP-WT pro-
tein. The positions of the fractions containing pCP-WT or
pCP-C132 proteins in the CsCl gradients corresponded
to those containing empty virus capsids invariably found
in purified Hv190SV virion preparations (Fig. 4; Sanderlin
and Ghabrial, 1978). The Hv190SV full particles banded
in fraction 7 (Fig. 4). Samples corresponding to CsCl
gradient fractions 4–6 were examined by electron mi-
croscopy and were found to be enriched in virus-like
particles (empty capsids). The virus-like particles assem-
bled from either the pCP-WT or pCP-C132 proteins were
similar to each other in size and appearance (Figs. 5A
and 5B). The particles were ;40–45 nm in diameter and
were similar in size and morphology to those of the
empty capsids found in Hv190SV preparations purified
from the fungal host (Fig. 5C). The Hv190SV dsRNA-
containing full particles are shown in Fig. 5D. No virus-
like particles, however, were found in bacterial lysates,
soluble or insoluble fractions, expressing the Hv190SV
RDRP gene (data not shown).
DISCUSSION
We have established in previous studies that p88 is
the primary translation product of the CP ORF of
Hv190SV and that it is cleaved at its C-terminal region to
generate p78 (Huang and Ghabrial, 1996; Huang et al.,
1997). Because in vivo phosphorylation experiments us-
ing the Hv190SV-infected fungal host indicated that virion
p78 is nonphosphorylated (Ghabrial and Havens, 1992),
we proposed that both the sites for phosphorylation and
proteolytic cleavage reside in the C-terminal region of
p88 and that cleavage of p88 to p78 leads to dephos-
phorylation of the CP. The fact that p78 does not become
phosphorylated in in vitro phosphorylation reactions
(Ghabrial and Havens, 1992) suggests that this part of
the p88 molecule (the region corresponding to p78 se-
quence) lacks alternative phosphorylation sites. Since
we are able to phosphorylate virion p88 in vitro, we
conclude that the in vitro phosphorylation sites are the
same as the in vivo ones, i.e., localized at the C-terminal
region of p88.
The lack of in vivo incorporation of radiolabeled or-
thophosphate in the bacterially expressed p88 (this
study) ruled out that it is autophosphorylated and sug-
gested that the phosphorylated and nonphosphorylated
forms of p88 are indistinguishable electrophoretically.
This was further confirmed by the finding that the elec-
trophoretic mobility of enzymatically dephosphorylated
p88 was identical to that of the phosphorylated p88 (this
study).
We have previously investigated the expression and
assembly requirements for the Hv190SV CP utilizing a
baculovirus expression system and have found that both
p88 and p78 were produced and assembled into virus-
like particles. Preliminary in vivo phosphorylation studies
using insect cells infected with the recombinant baculo-
virus showed incorporation of radiolabeled phosphate in
the expressed p88 (data not shown). Thus the baculovi-
rus expression system appears to mimic the fungal host
in regard to posttranslational modification (phosphoryla-
tion and proteolytic processing) of CP and suggests that
protein kinase and protease activities comparable to
those of the fungal host are also accessible in the insect
system. A host-encoded cysteine protease was impli-
cated in CP proteolytic processing of another totivirus,
the Giardia lamblia virus (GLV) which infects the parasitic
protozoa Giardia lamblia (Yu et al., 1995). Proteolytic
processing of eukaryotic proteins is not predicted to
FIG. 4. Western blot analysis of CsCl gradient fractions from bacteria
expressing full-length CP (pCP-WT) and the C-terminus-truncated CP
(pCP-C132). The soluble fractions were isolated from bacterial lysates
and floated over 36% (w/w) CsCl solutions. Gradient fractions were
analyzed by Western blotting with antibodies against p88 capsid pro-
tein. Samples from purified preparations of Hv190SV were included as
a control and were similarly analyzed.
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occur in bacteria, and this explains why p78, the cleav-
age product that was generated from p88 in the eukary-
otic baculovirus system, was not detected in bacteria
(this study).
With the knowledge that the bacterially expressed p88
is neither phosphorylated nor proteolytically processed,
it was of interest to determine whether either one or both
of these modifications are required for capsid assembly.
Phosphorylation of the capsid proteins of certain viruses
has been reported to be necessary for capsid assembly
(Leader and Katan, 1988) while for others, posttransla-
tional modification was not required (Salunke et al.,
1986). Our results showed that the nonphosphorylated
p88 assembled into virus-like particles (Fig. 5), indicating
that posttranslational modification of CP is not required
for Hv190SV capsid assembly.
Nevertheless, proteolytic processing and phosphory-
lation of CP are predicted to have important roles in the
life cycle of the virus. Phosphorylation/dephosphoryla-
tion of the capsid protein may be involved in switching
on/off transcription and RNA replication. The finding that
the highly phosphorylated form of Hv190SV (the 190S-1
component) has significantly higher transcriptase activity
than the less phosphorylated form (the 190S-2 compo-
nent) is consistent with a regulatory role of phosphory-
lation in transcription (Ghabrial and Havens, 1992). Phos-
phorylation/dephosphorylation of the capsid protein may
also play a role in packaging of the (1) RNA strand
and/or in its release from the virions. Furthermore, phos-
phorylation of CP may modulate its conformation and
thereby its accessibility to proteolysis. Conformational
changes in viral capsid proteins as a consequence of
phosphorylation have been reported (Yu and Summers,
1994). Our previous iodination studies of native and de-
FIG. 5. Electron micrographs showing assembly of virus-like particles in E. coli cells expressing Hv190SV capsid protein (CP). Virus-like particles
were visible by electron microscopy in samples corresponding to CsCl gradient fractions 4–6 (in Fig. 4). Capsids were assembled from bacterially
expressed full-length (pCP-WT; panel A) and C-terminus-truncated CP (pCP-C132; panel B). Virus-like particles obtained from bacterially expressed
CP (isolated from soluble bacterial fractions) are similar in size and appearance to empty capsids invariably present in purified preparations of
Hv190SV (panel C). Empty and full dsRNA-containing particles derived from purified preparations of Hv190SV and corresponding to CsCl fractions 5
and 7 (Fig. 4) are shown in panels C and D, respectively.
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natured Hv190S virions showed that p88 and p83 (phos-
phorylated CP) differed from p78 (nonphosphorylated
CP) in their accessibility to iodination suggesting phos-
phorylation may influence conformation (Ghabrial and
Havens, 1992).
In conclusion, we have established that posttransla-
tional modification of Hv190SV CP is not required for
capsid assembly and that the phosphorylated and non-
phosphorylated forms of p88, the primary translation
product of the CP ORF, are indistinguishable electro-
phoretically.
MATERIALS AND METHODS
Vector construction for expression of CP in E. coli
The pCP-WT construct for expression of the entire CP
ORF of Hv190SV in bacteria has been previously described
(construct pET-HV1 in Huang and Ghabrial, 1996). pCP-WT
represents a dicistronic construct containing the entire ORF
coding for the CP in addition to the downstream RDRP ORF
(Fig. 1A). For expression of a C-terminal truncated CP, the
construct pCP-WT was digested at a unique SpeI site
present at nt position 2204 of the capsid protein coding
sequence. The ends were filled-in with DNA polymerase I
Klenow fragment, and the blunt ends religated to introduce
an in-frame stop codon (59. . .ACT•AGC•TAG•T. . .39),
which resulted in the expression of a capsid protein lacking
the C-terminal 132 amino acid residues from its C terminus.
The constructs were used to transform E. coli cells of strain
BL21 (DE3) cells according to the manufacturer’s instruc-
tions (Novagen).
Expression and analysis of capsid assembly in E. coli
cells
One-hundred-milliliter cultures of transformed BL21
(DE3) cells were grown in LB media at 37°C to a density
of 1.0 A600nm. Protein was expressed by induction with
0.5 mM IPTG and incubation for a period of 5 h at 30°C.
Cells were collected by centrifugation at 4000 g for 5 min
at 4°C, resuspended in 0.1 M sodium phosphate buffer
(pH 7.2) containing 0.1% Triton X-100, and treated with
lysozyme (100 mg/ml final concentration) for 15 min at
30°C followed by treatment with DNaseI (10 mg/ml final
concentration) in 0.1 M sodium phosphate buffer (pH 7.2)
containing 10 mM MgCl2 for 10 min at 30°C. Bacterial
extracts were briefly sonicated and centrifuged at 14,000
g for 15 min at 4°C to separate the soluble and the
insoluble component. The soluble (periplasmic) and the
insoluble (inclusion bodies) components from each bac-
terial expression culture were separately layered on top
of CsCl solutions (36% w/w, in 0.1 M sodium phosphate
buffer, pH 7.2) and centrifuged at 45,000 rpm for 19 h at
5°C in a Beckman SW50.1 rotor. Fractions (0.5 ml) were
collected using an ISCO gradient fractionator, and 4.5 ml
of 0.1 M sodium phosphate buffer was added to each
fraction and pelleted by centrifugation at 45,000 rpm at
5°C for 2 h in a Beckman 50Ti rotor. Pellets were gently
rinsed with the above buffer and resuspended in 200 ml
of 0.2 M sodium phosphate buffer (pH 7.2). The samples
were analyzed by Western blotting using an antiserum
generated against the capsid protein p88. Selected sam-
ples were used directly or diluted in PBS for examination
by electron microscopy.
In vivo incorporation of radiolabeled phosphate in E.
coli cells
Ten-milliliter cultures of BL21 (DE3) bacterial cells
transformed with the CP constructs were grown in LB
media to a density of ;1 A600nm. Bacterial cells were
pelleted by centrifugation (5000 g for 10 min), resus-
pended in culture medium lacking phosphates, and in-
cubated for 1 h at 37°C to allow for equilibration prior to
addition of the radiolabel. The culture medium lacking
phosphates consisted of Grace’s insect media (Sigma),
prepared as indicated by manufacturer except that phos-
phate salts were replaced with 7.5 mM HEPES, pH 6.2,
for buffering. In preliminary studies, we compared ex-
pression yields obtained in bacteria utilizing Grace’s
insect media and YEPD yeast culture media (1% yeast
extract, 2% peptone, and 2% dextrose; Rubin, 1975) and
found that Grace’s insect media gave substantially
higher yields of the recombinant CP. After the equilibra-
tion period, the culture medium was exchanged for a
fresh medium lacking phosphates, and expression was
induced by addition of IPTG (0.5 mM final concentration)
in the presence of 250 mCi [32P]-H3PO4 (ICN No. 64014)
for a period of 5 h at 30°C. Bacterial cells were pelleted
by centrifugation at 5000 g for 10 min and further pro-
cessed to isolate the soluble and insoluble components
as described above. Incorporation of the radiolabel into
bacterial proteins (total incorporation), and into the bac-
terially expressed CP, was analyzed by SDS–PAGE fol-
lowed by autoradiography and by immunoprecipitation of
expressed CP. Both the soluble (periplasmic) and insol-
uble (inclusion bodies) fractions from the bacterial ly-
sates were examined.
In vitro phosphorylation and dephosphorylation
Hv190S virions were purified from virus-infected H.
victoriae, as previously described (Ghabrial and Havens,
1989). 32P-labeled p88 was prepared by incubating the
purified virions in 13 kinase buffer (20 mM Tris, pH 7.6;
100 mM KCl; 0.1 mM EDTA; 2 mM MgCl2; and 2 mM
MnCl) in the presence of 0.5 ml of [g-32P]-ATP (11 mCi/ml;
ICN) for 60 min at 24°C. The reaction was subjected to
acetone precipitation, and the pellet was resuspended in
SDS–PAGE disruption buffer, boiled. and loaded onto a
preparative 7.5% SDS–polyacrylamide gel. The gel was
Coomassie-blue-stained, and the protein band corre-
sponding to p88 was excised. The 32P-labeled p88 was
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eluted using an Elutrap apparatus (Schleicher & Schuell)
in 50 mM Tris–HCl buffer, pH 8.0, for 6 h at 4°C. The
eluted 32P-labeled p88 was dephosphorylated by incu-
bation in 13 phosphatase buffer in the presence of
protease inhibitors (50 mM Tris–HCl, pH 8.0; 0.1 mM
EDTA; 1 mM DTT; 1 mM MgCl2; 20 mg/ml aprotonin; 0.6
mM leupeptin; and 2 mM pepstatin) with 6.5–13.0 units of
calf intestinal alkaline phosphatase (CIAP; Gibco-BRL)
for 1 h at 37°C. The reaction products were analyzed by
SDS–PAGE followed by autoradiography.
Immunoblot analysis
Expression of Hv190SV CP was analyzed by SDS–PAGE
followed by immunoblotting using antisera raised against
p88 capsid protein. Immunoblotting was performed as pre-
viously described (Huang et al., 1997). Immunoprecipitation
was carried out with bacterial lysates after in vivo [32P]-
orthophosphate incorporation. Soluble fractions from ly-
sates were mixed with 1 volume of 23 PBS–TDS buffer
(13: 10 mM sodium phosphate, pH 7.2; 0.9% NaCl; 1% Triton
X-100; 0.5% sodium deoxycholate; and 0.1% SDS); pellets
containing inclusion-bodies were resuspended (partially
solubilized) in 13 PBS–TDS and incubated with the p88
antibodies (Immunoglobulin, IgG, fraction) overnight at 4°C.
Immunocomplexes were precipitated by incubation with
protein A–Sepharose beads (Pharmacia; in 13 PBS–TDS)
for 1 h at 4°C, followed by brief centrifugation at 12,000 g.
The pellets were washed several times with 13 PBS–TDS
and then resuspended in SDS–PAGE loading buffer and
boiled for 5 min prior to analysis by SDS–PAGE. Gels were
stained with Coomassie blue and dried prior to autoradiog-
raphy.
Electron microscopy
CsCl gradient fractions were diluted in PBS (1:20 v/v)
and mounted on Collodion/carbon-coated, grids and
negatively stained with 1% uranyl acetate and examined
with a Philips EM 400 electron microscope. Samples of
CsCl gradient-purified Hv190S virions were processed
similarly to serve as controls.
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